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ments remains elusive. Recently, we demonstrated that heme-induced confor-
mational changes in the GR are not additive to Ca2þ-induced structural
rearrangements (Yusifov et al., BPS meeting 2010), posing a question about
the extent of similarity in the mechanical operation of the GR upon Ca2þ or
heme binding. To address this question, we analyzed the conformational states
of apo-GR and Ca2þ- or heme-bound GR by characterizing dynamic fluores-
cence quenching by acrylamide, a quencher of the excited state of accessible
native tryptophan (Trp) residues. The time-resolved Trp fluorescence
(lex=296 nm, lem=340 nm) of apo-GR and ligand-bound GR with the progres-
sive addition of acrylamide (up to 0.4 M) was recorded. Acrylamide addition
resulted in the reduction of the mean Trp fluorescence lifetime (calculated
from three-exponential iterative fittings) of apo-GR (t0=2.7450.05ns to
t=1.550.1ns), Ca2þ-bound-GR (t0=2.150.02ns to t=1.2750.021ns) and
heme-bound-GR (t0=2.150.1ns to t=1.050.05ns). The acrylamide-Trp bi-
molecular quenching constants (kq) were extracted from Stern-Volmer plots
of t0/t vs. [acrylamide]. Supplementation of saturating [Ca
2þ] (35 mM) or
[heme] (700 nM) increased kq from 8.40108 M1s1 (apo-GR) to
1.19109 M1s1 and 1.95109 M1s1, respectively. The increased effi-
ciency of Trp quenching by acrylamide in the ligand-bound GR implied
that native Trp residues were more accessible to the quencher, supporting
ligand-induced conformational changes. Since different kq values were de-
rived from the two ligands, it is likely that Ca2þ and heme binding induced
the GR to adopt different conformational states. We propose that the two li-
gands can modulate BK open probability through distinct intramolecular sig-
nal transduction pathways.
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Phosphoinositides, in particular, phosphatidylinositol 4,5-bisphosphate (PIP2),
are known regulators of numerous ion channels and have been implicated in
cellular processes such modulation of the actin cytoskeleton, cell migration
and vesicle trafficking. Recently, it has been shown that PIP2 modulates BK
channel activity through a direct interaction with its cytoplasmic domain (Vai-
thianathan et al., 2008). To understand the molecular nature of this modulation,
we expressed and purified the region of the human BK channel C terminus
(322IIE...ALK1005) corresponding to the Gating Ring (GR) apparatus, which in-
cludes the Regulators of Kþ Conductance (RCK1 and RCK2) domains, and the
RCK1-S6 linker. Using steady-state and time-resolved fluorescence spectros-
copy, we have investigated the effects of the soluble PIP2 form (PIP2-diC4
and PIP2-diC8) on the conformational properties of GR in physiologically-
relevant conditions. These lipids quenched the Tryptophan (Trp) fluorescence
of GR in a dose-dependent and saturable fashion (Khalf = 2150.88 mM; n =
2.350.094), suggesting PIP2-mediated conformational changes. PIP2 did not
cause appreciable changes in the fluorescence intensity of a Trp analog
(NATA, 5 mM). Similarly, a solution containing the purified RCK2 domain
(665HDP...ALK1005) was largely insensitive to PIP2 up to 62 mM. The fluores-
cence lifetime of Trp residues was reduced by the addition of PIP2-diC8 (tavg
from 2.3 ns to 1.5 ns, PIP2 62 mM), revealing the dynamic nature of PIP2
quenching of the Trp residues. Moreover, PIP2-diC8 significantly reduced
the fluorescence intensity of GR complexed with ANS (8-Anilinonaphtha-
lene-1-sulfonate), suggesting that the structural rearrangements caused by
PIP2 may correlate with a decrease in the surface hydrophobicity of the GR.
In summary, the BK GR appears to be sensitive to micromolar PIP2. The cor-
responding structural changes in this sensor may represent the elementary steps
of the BK channel lipid modulation pathway.
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BK channel activation is sensitive to the membrane potential by virtue of trans-
membrane helix bundles assembled into voltage sensor domains (VSDs). TheBK VSDs are unique among related voltage-gated channels, in that they pos-
sess an additional, non-conserved, transmembrane helix S0, which does not
carry sensing charges, but associates closely with S4. We have previously re-
ported that the extracellular portions of S0 and S4 diverge upon activation (Pan-
tazis et al., 2010). We are testing the hypothesis that S0 offers mechanical
support for the activation of S4, such as a fulcrum does to a lever. To test
this hypothesis, we introduced mutation M30P, predicted to introduce a kink
near the middle of the putative S0 a-helix.
M30P mutants exhibited voltage-dependent activation shifted to a significantly
more depolarized (>150 mV) potential, while the timecourse of activation was
also reduced by two orders of magnitude. M30P did not prevent b2-dependent
inactivation, implying that it produced a subtle, rather than a gross, structural
perturbation. However, since M30P did not neutralize sensing charges, the ob-
served effects in voltage dependence and activation timecourse must have been
due to a structural / mechanical perturbation. On contrast, mutation M30W,
which introduces a bulkier residue but is predicted not to disrupt the a-helicity
of S0, did not to perturb channel activation, in agreement with a previous inves-
tigation (Koval et al., 2007).
Voltage sensing is an electromechanical process, requiring both charged resi-
dues to sense changes in the membrane potential, and a mechanical actuation
that facilitates gating. Given the decentralized distribution of BK voltage-
sensing charges in S2, S3 and S4, we suggest that S0 acts as a mechanical com-
ponent that is unperturbed by membrane potential changes, but is essential to
direct the motion of S4, to productively facilitate channel activation.
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Like many transmembrane voltage-activated proteins, BK channels possess
conserved voltage-sensing domains (VSD) which activate upon membrane de-
polarization. VSDs are structurally and functionally associated with the chan-
nel pore domain, such that VSD activation facilitates pore opening. BK
channels are selectively blocked by Iberiotoxin (IbTX), a peptide component
of scorpion venom which binds to the BK pore domain, preventing Kþ flux.
To elucidate the allosteric consequences of toxin binding to the BK channel
pore, we probed the operation of the BK VSD using cut-open oocyte voltage
clamp fluorometry, whereby a fluorophore labeling the BK VSD helix S0 re-
ported the conformational rearrangements, and therefore the state of activation,
of the VSD. This was performed in conducting channels, as well as channels
blocked by external IbTX (10 mM) perfusion. The blockade regime caused
a >95% decrease of macroscopic Kþ conductance and an apparent functional
impairment of the VSD, as suggested by the half-activation shift to depolarized
potentials by ~35 mV and effective charge reduction by ~20%. Since IbTX is
a BK channel pore blocker, we propose that the observed impairment of the
VSD must be due to the allosteric coupling between the pore and the voltage
sensing domains. To test and quantify this interpretation, we used a statisti-
cal-mechanical model of BK channel activation, which accounted for the
blockade-induced impairment of the BK VSD by a large reduction (2.1x107
to 1.4x109) of the intrinsic equilibrium constant for channel opening at
0 mV (L0), suggesting that IbTX blockade caused the pore to ‘‘lock’’ into
a shut state, which resulted in the observed perturbation of the voltage-
sensing apparatus, mediated by the strong (75 meV) allosteric linkage be-
tween the two domains.
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The calcium-activated potassium channel KCa3.1 plays an important role in the
activation of T- and B-cells, mast cells, macrophages and microglia by provid-
ing part of the hyperpolarizing driving force for the calcium entry that is nec-
essary for orchestrating cellular proliferation, migration and cytokine
production. Using a high-throughput assay measuring calcium-activated thal-
lium influx in HEK293 cells stably expressing the human KCa3.1 channel,
we identified the benzothiazinone NS6180 (4-[[3-(trifluoromethyl)phenyl]
